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Introduction

Waste is an issue in clothing design because the normal method of producing woven textiles results in flat, rectangular pieces of fabric that will then be used to cover the three-dimensional form of the body. The most basic approach has always been to simply accept the form of the rectangle, as can be seen in the many beautiful, draped garments that have existed throughout history. But more closely fitting clothing has often been desired and in modern times has become the norm, requiring shaped pieces to be cut from the woven rectangle and so generating waste. This is in contrast to techniques such as knitting, where the fabric is made at the same time as the garment and so can be shaped to provide a perfect fit. However, there are some ways in which woven textiles can move towards a comparably unified design process and these fall roughly into two categories: the use of zero waste cutting layouts or the creation of shaped pieces of fabric as part of the process of weaving.
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Weave design offers many possibilities for creating rectangles of fabric that ‘shape themselves’ during wet finishing, ideal for making loom-to-body clothing.



Designing the fabric and garment together potentially offers two advantages – the avoidance of sewing and the avoidance of waste. Different approaches to producing and using woven textiles may tackle one or other of these issues, though some techniques address both. In large-scale industry there has tended to be a particular emphasis on reducing construction time to save money, but although this is clearly useful the current need to find more sustainable ways of living means that reducing waste is now seen as especially desirable and so forms the main focus of this book.

There have been some interesting experiments with weaving garments to shape, but these remain relatively few in comparison with the alternative approach of avoiding waste through economy of cut, which has been quite widely investigated and for which there are now many excellent sources of information. Consequently, this book focuses mainly on the process of weaving itself, while viewing it in the context of other developments in the field of zero waste clothing design. Although all the techniques in the book can be carried out on a handloom, many of them are also suitable for industrial production.

The term loom-to-body clothing is somewhat ambiguous since, in its most narrow interpretation, it could be taken to refer only to garments that are woven entirely in one piece and cut from the loom completely ready to wear. This approach clearly avoids both sewing and fabric waste, but often relies on unusual shapes and fringed seams to hold the garment together, particularly when working with power looms, creating dramatic ‘catwalk’ pieces rather than clothes suitable for more everyday wear. However, there are many techniques where weaving does most of the work of shaping the garment, but where there is a need for some additional processes such as manipulation of the woven cloth once off the loom or maybe simply the sewing together of separate pieces. Such methods are often excellent at avoiding waste and achieving a wide range of styles of clothing, so the term loom-to-body is used here in this broader sense.
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A piece of cloth that has been woven as a rectangle, as shown on the left, dramatically changes its shape during wet finishing. Details of this fabric are given in Chapter 7.



I have a longstanding interest in weaving fabrics that are rectangular on the loom but ‘shape themselves’ during wet finishing, through the interplay of contrasting materials, yarn twists and structures. Creating shaped pieces like this can be an effective way of producing loom-to-body clothing and the aim of this book is to share these techniques while also looking at other creative responses to the problem of waste in clothing design. I have been fascinated to discover what other designers are doing in this field and have realised that I have much to learn from the varied ways that other weavers and clothing designers are achieving zero waste designs. It is precisely this variety of approach that offers hope for a sustainable future. As with so many problems, it is fruitless to look for a ‘silver bullet’ that will solve all difficulties – it is diversity that is likely to provide a way forward. I hope that the Bibliography and Online Resources provide some useful references and links to help others who are interested in this area to begin their own journey of investigation.

The book is in three parts, beginning with an overview of zero waste clothing, both rectangular and shaped, looking at its history and the particular problems and opportunities that it creates for contemporary designers and makers. The central section of the book focuses on materials and weave structures that allow fabrics to ‘shape themselves’ and the ways that this can be used for loom-to-body clothing. The final part looks at other textile techniques that can be used to complement woven textiles, appropriate sewing methods for garment construction and ways of reducing waste, recycling or disposing of surplus yarn or fabric.


PART 1

The Idea of Zero Waste Clothing

As a practice the construction of clothing with minimal waste has a long history, though the term ‘zero waste fashion’ is relatively new. With current technology, fabrics can be made quickly and cheaply, but in the past woven textiles were time-consuming to produce. The many processes involved – the cultivation and preparation of the fibre, spinning, weaving and finishing – were all labour-intensive and it was very important to avoid wasting cloth. In modern times, the relative cheapness of fabric has caused both the fashion industry and consumers themselves to care little about the waste created by current methods of production; it is estimated that about 15 per cent of fabric is wasted when garments are cut out. However, over the last few decades there has been an increasing interest in minimising waste in various fields, and this has included the fashion industry. This first section of the book gives a brief overview of the history of zero, or near zero waste clothing, looking at various methods and assessing their potential for use today.
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A range of different strategies can produce zero waste clothing through an economical use of fabric and, though some are very ancient, many continue in use to the present day. (Diagrams adapted from various authors)




CHAPTER 1

The Woven Rectangle, Past and Present

There is a proverb in John Heywood’s Proverbs in the English Tongue, published in 1546, which is still familiar: ‘I shall cut my cote after my cloth.’ Its inclusion in that early gathering shows that it was already old.

Dorothy Burnham, Cut My Cote

Pieces of woven cloth have been used to clothe the body in many different ways, ranging from the simple draping of a single rectangle through to assembling a garment from pieces that have been cut to shape. Although fitted clothing assembled from shaped pieces of fabric has now become the norm, the history of costume reminds us of the many things that can be achieved simply with rectangular pieces of cloth, and clothing constructed in this way still has a place in modern life. Also, when making fitted clothes from shaped pieces it is possible to produce cutting layouts that use all of the fabric without waste. In either case, an important issue is the size of the rectangle of cloth in relation to the garment, and so an ability to control not just the quality, but also the dimensions of the cloth has always given the handweaver a particular advantage when creating zero waste clothing.

Traditional clothing, woven by hand, is an obvious source of ideas for contemporary zero waste fashion, and books such as Max Tilke’s Costume Patterns and Designs are clearly invaluable in suggesting ways to utilise cloth to best advantage. This book is greatly admired by Zandra Rhodes, who has vividly described how it influenced her work.


This book was infinitely appealing to me, with its simple and detailed pages showing the cut and form of traditional clothing throughout the world. Details of armholes, wrapped trousers, embroidered waistcoats and flat, worked-out-kaftans and peasant garment shapes were all explained with the simplicity of a gardening book. It was far more exciting and informative than the edicts of Paris couture, which I found too stringent and rule-bound. At this moment I did not want to be held by the strictures of couture; Tilke showed me what I wanted to know, how basic clothes had been put together traditionally.

Zandra Rhodes and Ann Knight,

The Art of Zandra Rhodes



Other useful sources of inspiration for zero waste design are historical styles of fashionable dress, especially when unconventionally cut, and also textile techniques other than weaving, as these may spark ideas for unusual ways of using woven fabrics.

One important characteristic of woven fabrics is the way that they vary in their flexibility across the different grainlines of the weave, with the cloth being firmest on the straight grain that runs along the warp. There is usually a little more give on the cross grain, in the direction of the weft, but where the fabric really shows a great deal of flexibility is on the bias, running diagonally across the cloth. These different qualities obviously have implications for how fabric can best be used on the body.

GOING STRAIGHT: STAYING WITH THE FABRIC GRAIN

Rectangles as Garments

One of the most important influences on the current field of zero waste clothing design is the work of the textile historian Dorothy Burnham, a curator at the Royal Ontario Museum in Canada. Her 1973 exhibition and accompanying catalogue Cut My Cote drew attention to the crucial role of fabric width in the form and construction of clothing, and how this relates to an economical use of the material. She emphasised that ‘it is impossible to study anything intelligently without a knowledge of its skeleton, and cloth widths are the bones of costume design.’ Timo Rissanen and Holly McQuillan, two leading proponents of zero waste design today, have commented that without her pioneering work, their book, Zero Waste Fashion Design, might never have been possible. Burnham clearly showed the evolving use of the rectangle from simple, draped garments and clothes constructed from multiple rectangles through to those that relied on the cutting out of shaped pieces, carefully nested to avoid waste.
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These diagrams show how a warp can be set up to weave a tubular fabric on a two-beam upright loom, by using a stick or cord to hold the end loops together. At the conclusion of weaving, a locking thread can be inserted so that the fabric remains as a tube. Alternatively, the stick or cord could be withdrawn to create a fabric with four selvedges – cloths of this type have been found in Denmark. (Adapted from Hald)



Draped garments, using uncut lengths of fabric, were widespread in the ancient world and can be seen in paintings on Greek vases and on Greek and Roman statues. Pinned at the shoulders in different ways, the fabrics are shown falling in elegant folds in the various forms of the peplos used in ancient Greece. It is perhaps less easy to interpret the clothes of the ancient Egyptians, due to their conventions of pictorial representation, but Mary Houston suggests that these too were simple rectangles of cloth draped and tied around the body in various ways. Draped garments have been so successful over long periods of time that they do, of course, continue in use to the present day – for example, in the sari of India and the draped garments of Africa.

A single rectangle of cloth can also be sewn together to produce a tubular garment, though a more elegant solution is to weave a fabric so that it comes directly from the loom already formed into a tube – loom-to-body clothing in the most literal sense. A well-preserved example of such a fabric was found in the Huldremose (Huldre bog) in Denmark and dated to the Iron Age, between 350 and 30BCE. Margrethe Hald gives a detailed description of this piece, together with an account of the type of very wide two-beamed loom that would have been necessary to produce it. As well as the main beams, the loom would have needed an additional stick or a cord so that the end loops of the warp could be locked together to produce a complete cylinder of fabric.
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It has been suggested that the Huldremose tubular textile may have been worn folded over and pinned at the shoulders like a Greek peplos, and perhaps also belted at the waist.



This approach to producing a tubular fabric is very different from the modern method of weaving a double layer of cloth where the warp provides the length of the tube, with raw edges at the top and bottom. The Iron Age cloth would have been worn ‘sideways’ with the weft running down the body, so that there were selvedges at the top and bottom of the garment. The Huldremose cloth has a width of 1.68m (5½ft) (giving the length of the tube) and a circumference of 2.64m (8½ft), and one possibility is that it was worn pinned at the shoulders, with a section folded over at the top to bring it to an appropriate length, forming a garment similar to the Greek peplos.
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An ‘origami’ shrug woven by Geraldine St Aubyn Hubbard, constructed from two rectangles of cloth, seamed together for part of their length. A short section left unsewn provides lapels when the garment is worn and the sides are also only partially sewn, to leave armholes. The warp is spun silk, while the weft is composed of two very different yarns – high-twist merino that shrinks and filament silk that resists shrinkage – and these contrasting materials, combined with a structure of warp-float and weft-float twills, create a lively surface and excellent draping qualities.

Inset: The rectangular construction of the garment allows it to be neatly folded flat for storage.



A further stage in the development of clothing was to sew rectangles together, leaving holes for the arms and the head, and many such garments are still worn today. Burnham gives two examples of mid-twentieth century Peruvian ponchos, both of which simply consist of two lengths of uncut striped fabric, though they are sewn together differently. One is intended for a man and has the warp running down the body, leaving a vertical slit for the head and side slits for the hands. The other, for a woman, has the two pieces running around the body, so the stripes are horizontal, and is seamed at the shoulders leaving slits for the head and hands. Another traditional garment that is still in use is the aba or abaya, which is similar in construction to the woman’s poncho, though it has short cuts into the fabric at the sides to provide armholes.

Simple rectangles are also currently used in various other ways, particularly by handweavers, to make loosely fitting draped garments that do not require cutting. For example, the weaver Geraldine St Aubyn Hubbard uses two rectangles that are sewn together and folded to produce ‘origami’ shrugs, which makes good use of the fine draping qualities of her cloth. Garments constructed from simple rectangles in this way can be folded completely flat for storage.

The designer Miranda Tsui is particularly interested in the flat, two-dimensional cutting of traditional Chinese garments and how this may be applied to modern dress. Writing in Flatness Folded, her book of contemporary Chinese garments, she emphasises the benefits of clothing that can be folded flat: ‘Flat-cut clothes can be neatly folded, making laundering and ironing, storage, and transportation much more convenient and resource saving.’ As well as folding flat, some of the garments shown in the book are based on simple rectangles and so they are zero waste.

Cutting into the Rectangle

An alternative line of development in the evolution of dress was to use a complete rectangle of cloth but make deep cuts into the fabric, allowing sections to be folded together to enclose the arms and the torso. Burnham discusses this technique under the heading ‘A Memory of Skin Garments?’, in which she draws on the work of the Danish textile archaeologist Margrethe Hald. Beautiful garments dating from the Danish Bronze Age have been found with this cut-and-fold construction, and Margrethe Hald gives a detailed account of a theory (first put forward by her colleague H. C. Broholm) that this use of the cloth was based on the way that animal skins had previously been folded around the body to create clothing. The stitching techniques used in the Bronze Age garments give support to this idea, as they are similar to those typically used for constructing skin clothes. The suggestion is that, once woven textiles became available, this method of garment construction was continued; such skeuomorphs – forms that retain a traditional method of construction when a new material comes into use – occur in many technologies.

This ingenious style of cut has become well known as the ‘bog shirt’. However, these garments were not, as this popular name might suggest, found on the celebrated Danish ‘bog bodies’ of the Iron Age (500BCE–700CE), whose clothes were different, but in elaborate oak coffin burials from much earlier, in the Bronze Age. The most famous of these, dated to about 1370BCE and known as the ‘Egtved Girl’, is that of a young woman whose costume also includes a remarkable string skirt. More about these garments and details for constructing them can be seen in the book by Nicole DeRushie and on her Instagram profile, while an article by Gillian Thomas gives a detailed account of her replication of the string skirt worn by the Egtved Girl (see also Online Resources for the website of the National Museum of Denmark for information and images of the Egtved Girl).

In their book, Making Simple Clothes, Danish authors Ida Hamre and Hanne Meedom refer to this cut-and-fold style of garment as the ‘Bronze Age blouse’, which does perhaps fit the archaeology a little better than ‘bog shirt’. Although the acidity of the soil was important in the preservation of the bodies and textiles in both burials and bogs in Denmark, additional factors were involved in the burials of the Bronze Age. The oak coffins and the careful construction of the mounds under which they were laid created special conditions that particularly favoured the preservation of skin, hair and textiles.
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These paper folds show the construction of the Bronze Age blouse, where cuts into a rectangle of fabric allowed a single piece to be folded and sewn into a complete garment. If the side with the seams was turned to the back, as shown at the bottom, it created a blouse that was seamless at the front, as worn by the Egtved Girl. (Based on diagrams in Hamre and Meedom)



As an alternative to making a blouse, the side edges of the rectangle can be folded to the front of the garment and left unsewn, while a further cut is made in the top part of the fabric so as to produce a jacket. This form survives in examples of baby clothes from both Canada and Finland, and was also famously used by the couturier Cristóbal Balenciaga to produce a ‘one-seam coat’. During the exhibition of his work at the Victoria and Albert Museum in 2017–18, visitors were offered a paper model that they could fold into a miniature coat themselves (numerous references to this coat can be found online). The contemporary designer Yeohlee Teng has also produced a coat closely based on this cut, but with sections cut from the sides of the fabric to narrow the front of the garment. These pieces were not discarded, but were used to make pockets and a belt, so none of the fabric was wasted.
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A Canadian infant’s garment, dating from about 1812, used the cut of the Bronze Age blouse to produce a jacket open at the front, as shown in these paper folds. (Based on a diagram in Burnham)



The cut-and-fold technique of the Bronze Age blouse has more recently inspired some handweavers to develop the idea further by avoiding the raw edges that result from cutting into the fabric. Instead, they weave slits in appropriate places – both the Maki Textile Studio and the weaver Luisa Recker have created loom-to-body clothing in this way. The technique produces cleanly finished ‘selvedges’ within the garment so that once off the loom, the various parts need only folding and sewing into place. Luisa Recker’s work is illustrated in Chapter 3.

Using Multiple Rectangles

The next stage in the developing complexity of garments was to assemble them by cutting lengths of fabric into rectangles of varied size to be used for different parts of the garment: main body sections, sleeves, collar and so on. As Burnham points out, the width of the fabric is very important in determining how such a garment can be cut without waste, and in the past this has related to the type of loom in use at the time. For example, the warp-weighted loom could be used to weave very wide pieces of cloth, sometimes involving two weavers working side by side, while other equipment such as the backstrap loom or the treadle loom would generally limit the width of the cloth to the reach of a single weaver throwing the shuttle.

Burnham gives a range of examples of garments from around the world cut from different widths of fabric, while Hamre and Meedom provide numerous schematic diagrams illustrating the many possibilities for construction. For example, while a very narrow fabric will clearly need three pieces to provide for the width of the body and two for each sleeve, wider fabric offers various options. A modest increase in width allows the body to be covered by two sections sewn together, leaving a slit for the neck. A slightly wider piece can provide a central section with a cut neck-hole, with a further length split in half to provide two narrow side sections to complete the body width. In either case, one or two pieces might be needed for the sleeves, depending on how wide a sleeve was wanted. A further increase gives a fabric with sufficient width to cover the body and also to provide generously sized sleeves.
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Garments can be constructed in different ways, depending on the width of the fabric. The much greater length of fabric that must be woven if working with a very narrow loom could be seen as a disadvantage, but this creates less loom waste and also has greater possibilities for design if different coloured wefts are used for the various sections. (Adapted from Hamre and Meedom, who provide many more examples)



However, although loom width can clearly put an upper limit, fabric width and garment design might also be thought of as co-evolving, because sometimes it may be better to weave a fabric narrower than the full reach of the weaver to suit a particular type of garment. A good example is the traditional kimono, based on cloth that is only about 35.5cm (14in) wide. This is cut into rectangles, with the width of the cloth being ideal for half the width of the body and also for the sleeves, so that no fabric is wasted. A further length is cut into narrower pieces to provide the collar and two sections for a front overlap. Although shaping is required at the neckline, surplus fabric is not cut away, but folded into the collar band, where it gives support to the collar.
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In the classic kimono, the full width of the fabric is used to make two sections for the body and for the sleeves. Narrow pieces are cut from a further length to form an overlap and the collar band. There is shaping for the neck, but the fabric is not cut away – it is folded into the collar band, so no cloth is wasted. (Adapted from Burnham)
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These paper folds show the construction of a wrapped sleeve.




[image: image]

This farmer’s style jacket by Deirdre Wood has a weft consisting of cloth strips cut from antique linen bed sheets. It has a fabric width of 32cm (12 ½in) and includes the traditional wrapped sleeve that uses an entire rectangle to achieve a tapered shape. (Photo: Deirdre Wood)



There are several different styles of formal kimono and the sleeves in particular vary in shape and size but are normally broadly rectangular, though in some cases fabric may be folded into the seams to give a rounded shape. A different type of sleeve is often seen in the jackets traditionally worn by rural workers such as farmers and fishermen in Japan. This is a wrapped or rolled sleeve that uses an entire rectangle, folded so as to give a tapered shape that is more suitable for practical work than the larger sleeves of the formal styles of kimonos.

Handweavers today have flexibility about the width of the fabric that they produce and can arrange it to suit the garment they wish to make. Anita Luvera Mayer discusses this issue in some detail and includes examples of fabrics woven up to 91.5cm (36in) wide. On the other hand, not all weavers possess such a wide loom and Judith Shangold makes a virtue of working within limitations in her book on the rigid heddle loom, Weave, Knit, Wear and in her article ‘Designing Handwoven Garments on the Loom You Have’ (see Online Resources).

Clothing assembled from rectangles can easily be modified with simple interventions to improve the shape, such as lapping pieces over one another, inserting darts, gathering sections, or supplementing the woven pieces with knitting and crochet. Such adjustments can be very effective in improving the fit of rectangular garments and have been adopted by a number of handweavers: Anita Luvera Mayer, Tamara Poff and Judith Shangold all give good advice on using these techniques (see the Bibliography for details of their books).

Elastic or Pleated Rectangles

The examples given so far have assumed that the garments are constructed from firmly woven fabric and such traditional-style clothes are generally fairly loose fitting to allow for comfort and ease of movement. The task of creating a rectangular garment that is closer fitting but still comfortable to wear can obviously be made easier by using a fabric that is flexible, perhaps even elastic. Weave techniques for producing cloths with various degrees of elasticity will be discussed in Part 2 of this book. However, even if a fabric is not in itself elastic, it can be given this character through the insertion of pleats.

Simple rectangles of pleated cloth can produce well-fitting clothes that skim the body in a flattering way, while providing ease of movement. Such garments have a long history, certainly going back as far as ancient Egypt, but seem to have become particularly popular since the beginning of the twentieth century. This is due to the work of a number of designers beginning with Fortuny and the iconic silk Delphos dress. Although it is Mariano Fortuny’s name on the patent, in this document he credits his life-partner Henriette with the invention, and it is increasingly felt that her role in creating the dress has been unfairly overlooked, as discussed in an article in The Fashion Studies Journal (see Online Resources). Fortuny-style dresses were subsequently produced by the US designer Mary McFadden, working from the 1970s to the 1990s, using polyester, and later by Charles and Patricia Lester, working with silk.

Although the beauty of pleated silk garments is undeniable, there can be difficulty in keeping the pleats in place. Polyester has the advantage of allowing the production of more permanent pleating through heat treatment, and this characteristic has probably been most fully exploited by Issey Miyake, with his ‘Pleats Please’ series (a book edited by Midori Kitamura gives a full account of the development of this design range). These clothes are actually made from a knitted fabric rather than a woven one, but it is still the case that the flexibility is due to pleating because the fabric itself has a firm, warp-knitted structure.

The process of imposing pleats on finished cloth has a long history and is clearly very effective. However, an alternative approach is to create a pleated structure during the process of weaving itself and there are some early examples of such ‘natural’ pleating where the fabric has been constructed in such a way as to spontaneously form pleats. In their paper ‘To pleat or not to pleat’ Karina Grömer and Antoinette Rast-Eicher give a fascinating account of early pleating, both imposed and ‘natural’ (see Online Resources). Various methods for weaving ‘natural’ pleats will be described in Part 2 of this book.

ON THE SLANT: WORKING WITH THE BIAS

Traditional Garments

There are some traditional garments that are assembled from rectangles used on the bias, the simplest being the quechquemitl styles of poncho, worn in Mexico, in which squares or rectangles of fabric are placed on the bias in relation to the body.
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These two styles of the quechquemitl use the fabric on the bias in relation to the body. (Adapted from Cordry and Cordry)
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These traditional Chinese trousers are made from two offset rectangles seamed together so that the straight grain of the fabric runs down the legs, but the bias of the fabric gives flexibility to the crotch of the garment. (Adapted from Tilke)



A good example of a more complex garment, which while not placed on the bias nevertheless makes good use of it, can be seen in traditional-style Chinese women’s trousers. These are constructed from two squares that are overlapped and seamed together so that the straight grain of the fabric runs along the length of the legs, but the bias of the fabric falls between the legs to give flexibility and freedom of movement (see Liz Haywood’s website for an account of constructing these trousers).
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This man’s shirt from Sweden has square underarm gussets to provide freedom of movement. Smaller gussets are used at the hips, but here the squares have been folded into triangles before insertion into the side of the garment. A heart-shaped embroidered decoration at the front includes text that gives a date of 1847 and indicates that this was a wedding shirt. (Adapted from Nordlinder)



Using fabric on the bias for the main sections of a garment is relatively unusual in traditional clothes, the majority of which are cut so that the straight grain of the fabric runs down the body. However, these clothes often use squares of cloth as gussets, so that the bias of the fabric gives ease and flexibility to a garment whose main body sections are on the straight grain.

Traditional Styles in Contemporary Use

The traditional styles of poncho, with squares or rectangles of fabric slanted in relation to the body, continue in use today. Particularly popular is the style of quechquemitl made from two rectangles butted against one another and generally worn so that the fabric lies on the bias at the front and back of the garment. A variation on this idea is a shawl-type garment made with the two rectangles set against one another at the back, as for the quechquemitl, but with long, unsewn sections falling on the straight grain at the front. A further variant is the V-cowl, where warp becomes weft, creating a continuous loop of fabric that will fall on the bias both front and back (numerous videos demonstrating the weaving of this garment are available online).

Fashionable Garments on the Bias

For most of its history, fashionable clothing seems to have made little use of the bias of the fabric, applying it mainly to accessories rather than for shaping entire garments. For example, stockings excavated from Norse Greenland (dating mainly from the twelfth-fifteenth centuries CE) are cut diagonally, while garments of the same date are cut on the straight grain. However, finds from Lengberg Castle in Austria that date from the fifteenth century include fragments from the linings of garments where the bias of the fabric has been used to shape it around the breasts.
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The American designer Halston, active during the 1960s and 1970s, made inventive use of lengths of fabric wrapped to exploit the bias, as shown by these paper folds. The designer himself often used paper folds while planning such wrapped and folded garments. (Based on diagrams in Gross and Rottman)




The Lengberg lining fragments demonstrate that 15th century tailors had a highly-advanced understanding of the properties of fabrics, far beyond anything expected, and not to be duplicated in fashion until the 1930s. In the creation of the fashionable 15th century gowns with under-bust pleating, the tailors used the bias collapse and drape of the fabrics to provide the shaping around the individual breasts, instead of using straight panels and gores, as seen in the Greenland finds – a dramatic revolution in tailoring techniques.

Case, McNealy and Nutz, The Lengberg Finds:

Remnants of a lost 15th century tailoring revolution



The Lengberg finds also include what may be the earliest fitted bra, being constructed with separate pieces of fabric to give shaped cups that would have separated the breasts, so requiring gowns that were tailored to give a close fit (see the Bibliography for details and Online Resources for a video link). As fashions subsequently changed, it appears that these techniques were lost, with the bias once again being used only for accessories such as hose or gloves, although during the nineteenth century it became quite common for sleeves and bodices to be cut on the bias. As this is more wasteful of fabric than cutting on the straight grain, it seems clear that people were well aware of the advantage of the increased flexibility.

Cutting on the bias does not seem to have been used for an entire garment until the 1890s when Charles Frederick Worth produced a ‘seamless dress’, but although this exploited the flexibility of the bias, it did not really move fashion forward, as it conformed closely to the style of dress current at the time. It was only in the twentieth century that the French designer Madeleine Vionnet saw how the bias of the fabric could be used really creatively for the main body of a garment to make a very different, modern style of clothing.

Although Vionnet, working in mainstream fashion, did cut shaped pieces on the bias, she often used almost uncut rectangles as the main sections of a garment – many garments are cut on the straight grain but hung on the bias. Her famous ‘handkerchief dress’ was assembled in precisely this way, with four squares of fabric fastened at the shoulders and falling on the bias, creating an extremely graceful effect (see the Bibliography for the excellent book by Betty Kirke). Madame Grès took a similar approach to the use of squares and rectangles on the bias for some of her capes and skirts (see the Bibliography for an article by Arlene Cooper). More recently the designer Yeohlee Teng produced a sarong pattern made from triangles and trapezoids, using an entire rectangle with all cuts on the bias. She demonstrated this economy of cut when showing her ‘Zero Waste’ autumn collection in 2009; the pattern of the sarong was drawn on the runway and during the show the model took off the sarong and laid it on the diagram (described in Zero Waste Fashion Design by Rissanen and McQuillan). Another way of exploiting the bias is to construct a garment by folding or wrapping a rectangle so that it spirals around the body, an approach that the American designer Halston often used to dramatic effect. It is evident from these examples that, contrary to conventional wisdom, using fabric on the bias need not be wasteful if done intelligently.

Up until about 1980, handweavers seem to have taken no inspiration from bias cutting in fashionable dress, drawing instead on the traditional use of rectangles set on the bias, as in the quechquemitl. But during the 1980s and 1990s the innovative handweaver Virginia West began using the bias to make much more fashionable styles of garment, publishing two books of designs showing how handwoven fabric could be successfully used in this way without waste. Some of her designs use techniques of folding and wrapping that are reminiscent of those employed by Halston in the 1970s. The books are now unfortunately out of print, but her article about a bias cut dress, ‘The Swirl’, together with a short general article describing her work are available as PDFs (see Online Resources).
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These paper folds show how two parallelograms can be seamed together and folded to create a Pythagoras top, as described by Diane Ashley-Smith. In her article she explains how Pythagoras’ theorem can be used for calculating the correct cloth width to produce a well-fitting top. The finished Pythagoras top is shown in Chapter 3.



This inventive use of the bias has been followed up by other handweavers, including Marina O’Connor, writing on ‘Six Square Origami Tops’ in Handwoven magazine, and Diane Ashley-Smith, whose article ‘Remember Pythagoras?’ was originally published in 2000 but has recently been reprinted as a tribute to her in The Journal for Weavers, Spinners and Dyers. She particularly emphasises the benefit of working with the bias to make good use of narrow pieces of cloth.


The beauty of this ‘origami’ technique is that if your loom produces relatively narrow pieces of cloth, you can devise more exciting ways of making finished garments by folding and cutting than merely stitching the pieces side by side to increase the width. Also, the clothes which result hang on the bias and therefore tend to be flattering and comfortable to wear.’

Diane Ashley-Smith, ‘Remember Pythagoras?’ The Journal of Weavers, Spinners and Dyers
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The Xanthea top designed by Liz Haywood is already a well-established classic of zero waste design. (Drawings by Liz Haywood)



Many interesting ideas are now being put forward by the new wave of zero waste fashion designers. Some of their unconventional methods make good use of the bias, as for example in the Xanthea top designed by Liz Haywood, the body of which is made from a square of fabric, folded so that it falls on the bias when worn. She has followed this up with a Xanthea dress formed from a folded rectangle, which can be made in a variety of lengths (see Online Resources). Emily Handler of Empty Hanger Patterns describes a design of ‘Turkish trousers’, made from a rectangle folded in the same way as the top garment by Halston (illustrated above) but used the other way up so that the armholes become legholes, with the addition of extra pieces of fabric for a waistband and extensions at the ankles. Bramson and Lenahan, the authors of Bias Cut Blueprints, give good clear instructions for making a bias tube, which can be the basis for a variety of designs and wastes no fabric.

CUTTING UP THE RECTANGLE

What is Wrong with a Rectangle?

With so many successful garments constructed from rectangles, an obvious question is: why cut out shaped pieces of fabric at all? The toga provides an interesting case as it is almost a rectangle but is actually shaped into a semicircle. Burnham refers to it as having
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